Abstract Virtual water embodied in international trade is equivalent to nearly one-third of global water withdrawal, confirming that trade plays a significant role in redistributing global water resources. This paper extends a virtual water analysis by measuring the extent to which virtual water embodied in traded industrial products affects the distribution of global virtual water. The distribution of global virtual water can be improved if trade in industrial products promotes virtual water outflows from water-abundant to water-scarce countries. Analyses were performed using an input-output model that can decompose water consumption into domestic demand and exports by destinations of trade. Focusing on Malaysia, the results indicate that trade in industrial products between Malaysia and its main trading partners have a limited capacity to improve the distribution of global virtual water. This limitation can be due to two reasons. Firstly, exports of Malaysian industrial products are mainly driven by less water-intensive sectors. Therefore, the amount of virtual water that outflows into other countries is also low. Secondly, trade in Malaysian industrial products largely involves water flows with other water-abundant countries. Only several
Introduction
International trade expansion and economic globalisation play important roles in increasing global pressures on water resources (Duarte et al. 2014) . This leads to more literature concerning global 'virtual water' flows by understanding the influence of international trade on water resources (see, for example, Lenzen et al. 2013; Chen and Chen 2013; Duarte et al. 2014; Zhang and Anadon 2014) . The term 'virtual water' (also known as embedded water) was coined by Allan (1996 Allan ( , 1998 to represent the volume of water used in the different stages of production for a 'product' (a commodity, goods or services). The virtual water concept was frequently associated with agricultural products. A country that exports an agricultural commodity is said to be exporting water in a virtual form because certain volumes of water that were extracted from the domestic sources were used in the production of the commodity. A country that imports the water-embedded product is said to have purchased water in a virtual form, since the water that was needed to produce the imported goods could have been used for other purposes (Gawell and Bernsen 2011) . Therefore, when products are traded from one country to another country, the virtual water resource flows are redistributed spatially and temporally.
Empirical evidences suggest that trading in virtual water should be encouraged in order to promote global water redistribution. Trade plays a significant role in redistributing water resources between countries because virtual water embodied in international trade is equivalent to nearly one-third of global water withdrawal (Chen and Chen 2013) . To preserve water resources, a water-stressed country can import water-intensive products instead of producing it locally. The 'water savings' can be put into better use, such as to produce higher value-added crops as well as for domestic use (Aldaya et al. 2010) . For example, it was found that exporting agricultural products from the United States of America (USA) to Japan and Mexico managed to save global water use by 11 % (Hoekstra and Mekonnen 2011) .
Previous studies on virtual water primarily focused on water embodied in food commodities because the production of these commodities utilises a large share of water withdrawal (Dietzenbacher and Velázquez 2006; Hoekstra and Chapagain 2007; Zhao et al. 2009 ). Meanwhile, studies on virtual water in industrial products received less attention, although the amount of virtual water embodied in industrial products is substantially larger. Chen and Chen (2013) showed that 57 % of the international virtual water flows is embodied in the trade of industrial products, which highlights the importance of considering these products in studying the distribution of global virtual water.
1 Although the average volume of water embodied in an individual industrial product is lower than that 1 The amount of virtual water embodied in traded agricultural products was estimated by Chen and Chen (2013) , which differs from another by Hoekstra and Chapagain (2007) . There are two main explanations for the differences: methodology (top-down vs. bottom-up approaches) and data source (smaller scope of water resources applied by Chen and Chen 2013). of agricultural products, the higher volume of trade in industrial products (mining and manufacturing products) implies a larger water withdrawal. Furthermore, in 2013, exports and imports of industrial products accounted for approximately 90 % of global trade (World Trade Organization 2014) . Therefore, this paper focuses specifically on an analysis of virtual water trade in industrial products. We are interested in answering the following question: To what extent does the trade in industrial products improve the distribution of global virtual water? Global water redistribution through trade in industrial products can improve if the virtual water inflows from water-abundant countries exceed the virtual water outflows from water-scarce countries. It is important to stress here that our scope of virtual water flows may not be comparable to the scope of water covered by other studies, such as the one by Hoekstra and Chapagain (2007) . Due to data limitations, the virtual water flows captured in our study only include freshwater consumption drawn from surface water, while groundwater and reused water are excluded.
We chose Malaysia to be a focal point of discussion. Malaysia is considered to be a water-abundant country with a total rainfall of 59,518 mm in 2010 (Department of Statistics Malaysia 2011). Although water-scarce countries are commonly chosen for virtual water analysis, it is equally important to examine how a water-abundant country can improve the distribution of global virtual water by exporting virtual water through waterembodied products to water-scarce countries. Despite being water abundant, Malaysia traded mostly in industrial products (essentially non-water-intensive products) rather than agricultural products (essentially water-intensive products). In 2010, trade surplus in industrial products was 235.7 billion Ringgit (approximately 61.8 billion USD), compared to a trade deficit of 1.9 billion Ringgit in agricultural products (Department of Statistics Malaysia 2014).
2 In the international market, Malaysian industrial products accounted for 1.3 and 1.1 % of world imports and exports in 2010, respectively.
Virtual water flow analyses provide an appropriate framework in order to find potential solutions and contribute towards better management of water resources. Analyses are conducted by using an input-output model, which takes into account direct and indirect water usage along the production processes. The advantage of using an input-output model is its ability to decompose water consumption into domestic final demand categories (i.e. private consumption, investment and government consumption) as well as exports.
Input-output model for virtual water
Input-output analysis is an economic modelling technique that aims to understand the interactions among production sectors and consumers. Specifically, it shows the interrelations among different production sectors that purchase goods and services from other sectors as production inputs. These sectors then produce goods and services to be sold to other sectors and consumers. The ability of an input-output analysis to capture whole production interdependencies leads to a wide application of the model for environmental and resource studies (Miller and Blair 2009) . Some examples of studies that used an inputoutput model for analysing virtual water flows include: Duarte et al. (2002) , Velázquez (2006) , Dietzenbacher and Velázquez (2007) , Zhao et al. (2009), Chen and Chen (2013) and Zhang and Anadon (2014) . 2 Trade in industrial products includes mining and manufacturing products, while trade in agricultural products excludes forestry, logging and rubber products.
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The data set used for this input-output analysis is an input-output table. Modelling for virtual water requires an extended input-output table, to account for water consumption by sectors. Table 1 shows the extended input-output table with water consumption. Total output consists of intermediate and final goods. The (n 9 n) matrix Z denotes the intermediate deliveries, indicating the amount of commodities from other sectors used to produce the final goods for a sector. Final goods are sold to final demand consumers, which consist of private consumption (c), investment (s), public consumption (g) and exports (e), which is represented by the (n 9 k) vector of f.
3 The (1 9 n) vector m gives the sectoral imports, (1 9 n) vector v shows value added, and (1 9 n) vector w provides water used. 4 Based on the structure of Table 1 , the independencies among production activities can be shown based on the following material balance equation:
where x is the vector for gross output, Zi is the summation vector of matrix intermediate deliveries, while f is the vector for final demand. Equation (1) 
where A A ¼ Zx À1 À Á is known to be the input-output coefficient. The input-output coefficients show the amounts of inputs that a sector purchased from other sectors per unit of its own output. Solving for x, we obtain the total production delivered to final demand: where I is the identity matrix and I À A ð Þ À1 is known as the Leontief inverse matrix. The
Leontief inverse matrix represents the total production that every sector must generate in order to satisfy the final demand. In other words, the coefficients are the amount by which sector i must change its production level to satisfy an increase in one unit in the final demand from sector j. Therefore, each element of the Leontief inverse matrix expresses the direct and indirect requirements of a sector to meet its final demand. The total output that is produced to meet the final demand into domestic demand and exports can be decomposed. In this case, we have:
where d ¼ c þ s þ g is a consolidation of domestic demand and x d and x e are vectors for gross output that are determined by domestic demand and exports, respectively.
Next, we extend Eq. (4) to account for water used by production sectors in meeting the final demand. To model the amount of water used to satisfy the final demand, a vector of water coefficient h must be derived. Each element of the water coefficient indicates water consumption per unit of output produced by each sector. The vector of water coefficient h is derived by dividing the amount of water used by the jth sector by the total input to that sector x j . In matrix notation, h becomes:
The unit for the water coefficient is m 3 /Ringgit. Introducing Eq. (5) into Eq. (4), we obtain the amount of water w ð Þ that was used to produce an output for domestic demand and exports
whereĥ represents water coefficients expressed in a diagonal matrix. By employing Eq. (6), we are able to quantify the extent to which domestic demand and exports contribute to water consumption.
In order to assess the extent to which the virtual water outflows from Malaysia contribute to the global water distribution, two extended analyses are performed. First, exports of industrial products are disaggregated according to the main destinations of trade. Among these destinations of trade, we further classify the destinations according to water-abundant and water-scarce countries. The definition proposed by Falkenmark et al. (2009) was used to be the basis for categorisation, which suggests that a water-abundant country has more than 1300 m 3 of water available per year for food production and domestic use per capita. In this study, three water-abundant countries are identified: the USA, Canada and the Russian Federation. Meanwhile, seven water-scarce countries are determined: Australia, China, Mexico, the Netherlands, Saudi Arabia, South Africa and Spain. Therefore, Eq. (6) can be further simplified to account for virtual water outflows by destination, as follows:
where w ek represents virtual water required for exports to destination k. Secondly, the calculation of net virtual water trade requires an estimation of virtual water imports (e.g. water inflows to Malaysia). Data limitation imposes a complication in estimating virtual water inflows. For instance, imports of industrial products from different countries are likely to involve different contents of embodied water because of the differences in production technologies and differences in climate, especially for agricultural Virtual water trade in industrial products: evidence from… 881 products in various countries (Liu and Savenije 2008; Mekonnen and Hoekstra 2010) . The differences cannot be modelled within a single-country input-output model. The intercountry input-output model was most suitable for this analysis; however, it requires a massive data set. In order to overcome this constraint, we assume that the technology of production of imports is similar to that of production of exports. That similar assumption was used by Velázquez (2006) , Dietzenbacher and Velázquez (2007) and Zhao et al. (2009) , and it is consistent with the concept of imported virtual water defined by Renault (2003) . Accordingly, virtual water of imports can be estimated to be:
where w mk represents virtual water imports by country of origin k and q k denotes water required per Ringgit of exports for each trade destination. Therefore, for each trade destination, net virtual water trade can be obtained by taking a difference between virtual water exports (w ek ) and virtual water imports (w mk ) to be:
3 Source of data
There are three main data sets used in this study: input-output . It is a common practice in any country that the latest input-output tables are available with time lags. The construction of input-output tables is not only costly, and it requires an extensive database from various sources. In Malaysia, the input-output tables were compiled from the Economic Census, which is conducted every 5 years.
The second data set is water consumption by production sectors, measured in cubic metres (m 3 ). This data set was used to derive the water coefficient in our model. Data for water consumption were obtained from the latest Economic Census 2005 (Department of Statistics Malaysia 2006). We were unable to utilise the most recent water data because the comprehensive data for water consumption at individual sectors was only available in the Economic Census, and all data must be consistent with the latest input-output table.
There are two main constraints in measuring water consumption by production sectors in Malaysia. Firstly, the collected data for water consumption only capture freshwater consumption from metered water (i.e. water supplied by the water industry). We are aware that water input used for production comes mainly from several main sources, which include surface, groundwater, rainfall and reused water. Some manufacturing sectors, particularly the rubber processing, and oils and fats sectors, may construct their own water extraction system that withdraws water directly from the surface and ground. However, the current Economic Census captures only water withdrawal from metered water, whereas information on water use from other sources was not available. Therefore, our scope of water consumption is smaller than the scope of water consumption captured by Hoekstra and Chapagain (2007) and Chen and Chen (2013) . Consequently, it is likely that the volume of water embodied in trade estimated in our model underestimates the actual water consumption.
Secondly, data for water consumption (in cubic metres) by industries are only available for the mining and quarrying sectors (four industries) and the manufacturing sectors (63 industries), for a total of 67 industries. However, water consumption data for individual agricultural and service sectors were not available in the Economic Census. An indirect estimation of water consumption for these two sectors was not possible because data on the total water withdrawal for the overall economy were not available. Due to the data constraint, transactions for all individual agricultural and services sectors in the input-output table are aggregated to be a single sector. Overall, there are 68 sectors in the extended input-output table (67 sectors with water data and one sector without water data).
The third data set represents the exports by destinations of trade and imports by country of origin. Because the exports and imports data in the input-output table were aggregated and this study requires disaggregated data, we use the data for exports and imports to be classified by the Standard International Trade Classification (SITC). Harmonisation between MSIC and SITC was made because commodities or products in the input-output table are classified according to MSIC, whereas exports and imports are recorded based on SITC.
Before proceeding to assess the results of the analyses, a discussion concerning the limitations of the data set is needed. These data sets have two main limitations. The first limitation was related to the use of lagged input-output tables. Miller and Blair 2009 ) was calculated to be a measure of the difference between two production structures. On average, the MAD is 0.023 (i.e. the closer the value of the statistics to zero, the more stable the production structures), which indicates that the results of our analysis were expected to not be deviating largely from the analysis of using recent data. We also compare the changes in the structures of exports and imports for the same period. Expressing the exports in 2000 constant prices, the trade structures changed by as low as 0.1 % points (in absolute term) for Spain and as high as 10.1 % points for the USA. For imports, the trade structures deviate by as low as 0.03 % points for Spain and as high as 2.3 % points for the USA. Therefore, one should be careful when interpreting results for the USA.
Secondly, virtual water imports are estimated by assuming that technology for the production of imported products is similar to the production of Malaysian exports. Although a similar assumption was used in other studies, such as Velázquez (2006), Dietzenbacher and Velázquez (2007) and Zhao et al. (2009) , it cannot be taken for granted. The fact is that products produced by different countries may require a different water content due to variations in production technologies. To overcome this constraint, an intercountry input-output table that links Malaysia with all the countries and water consumption data (across sectors for each country) are required. This would require further development of the methodologies and a massive data set.
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Results and discussion
Results for the analysis of virtual water for 67 sectors are given in Table 2 . Column 1 shows the direct water coefficients, which represents the direct water withdrawal for each sector and provides a comparison across different sectors. For example, the production of rubber gloves (sector 67 in Table 2 ) requires a large amount of water because the coefficient indicates that 5.42 cubic metres of water is directly consumed by this sector to produce a thousand Ringgit of output. For other water-intensive sectors, the water coefficients (in m 3 /1000 Ringgit) for fertilisers, meat and meat production, iron and steel products, and basic chemicals are 3.69, 3.46, 3.32 and 2.94, respectively. Results also show a significant difference in water consumption between resource-based and non-resourcebased sectors. The resource-based sectors (such as a group of food production, wood products and rubber processing products) require more water per unit of output than the non-resource-based sectors (such as a group of electrical and electronic products, machinery and equipment and transport equipment). The differences in water consumption between resource-based and non-resource-based sectors were found to be related to the differences in value-added intensity (value added per Ringgit of output). Linking the water coefficients with a value-added coefficient (value added per Ringgit of output), our results show that the sectors with a lower (higher) water intensity are associated with a higher (lower) value added. For example, the value-added coefficient for rubber gloves is 0.09 despite a high water coefficient of 5.42 m 3 /1000 Ringgit. Moreover, the electrical machinery sector shows a higher value-added coefficient (0.34) and a lower water coefficient (0.17 m 3 /1000 Ringgit). Column 2 shows the total amount of water consumed by each sector. The top five sectors that consumed the largest amount of water are: basic chemicals (11.6 % of total water consumption for all sectors), iron and steel products (10.9 %), semiconductor devices (9.9 %), other chemical products (6.5 %), and oils and fats (5.7 %). Notice that the semiconductor devices, as well as oils and fats, however, are essentially not water-intensive sectors. The water intensity as indicated by the direct water coefficients for these two sectors was low at 0.49 and 0.77, respectively. Higher water usage for these two sectors can be explained by high shares in total demand of 19 and 4 %, respectively.
We further decompose the total water consumption by sectors into the effects that is determined by the domestic demand (column 3) and exports (column 4). For example, out of 328 thousand cubic metres of water consumption by metal ore mining (Sector 1), 38 thousand cubic metres or 12 % are used to satisfy domestic demands, while 290 thousand cubic metres or 88 % are utilised for export demands. The bottom of Table 2 displays the results for the overall economy, where 79 % of total water consumption by all sectors was used for exports and only 21 % was required for domestic demand. There are nine sectors where domestic demand explains more than 50 % of water consumption. The highest amount of water used for domestic demand is in the motor vehicle sector (92 %).
Column 5 shows the virtual water inflows for all sectors, which is calculated based on the assumption that the imported products have the same water content as domestic products. Subtracting the virtual water outflows (column 4) with the virtual water inflows (column 5) gives the net virtual water flows in column 6. This calculation indicates that Malaysia has a surplus in virtual water trade by 111.8 million cubic metres (mm 3 ). We further analyse the extent to which the surplus in virtual water trade redistributed global water consumption. It was documented that virtual water trade has the potential to redistribute global water use in the way that water-scarce countries can reduce water consumption by importing virtual water from water-abundant countries (see Velázquez 2006; Lenzen et al. 2013) . This trade strategy is consistent with the well-known Heckscher-Ohlin (H-O) theorem, which explains a comparative advantage with the help of a country's factor endowment. The theorem states that a nation will export the commodity whose production requires an intensive use of the nation's relatively abundant and cheap factor, and import the commodity that requires an intensive use of the nation's relatively scarce and expensive factor (Wichelns 2001; Hakimian 2003; Sayan 2003; Wichelns 2010; Gawell and Bernsen 2011) .
Malaysian trade in industrial products can contribute to the distribution of global virtual water in two ways. First, the structure of exports for industrial products from Malaysia should be dominated by water-intensive products. However, we find that Malaysia mostly exports non-water-intensive products and imports water-intensive products. Although Malaysia has a surplus in virtual water trade, the surplus can mostly be explained by the exports of non-water-intensive products. For example, three non-water-intensive sectors (with low water coefficients) include (1) semiconductor devices, tubes, and circuit boards; (2) office, accounting and computing machinery; and (3) TV, radio receivers, transmitters and associated goods, which are the major contributors to the total surplus in virtual water trade with a total contribution of 30 % (see column 6). This surplus is largely influenced by the trade pattern, where the total contribution of these three sectors to the total surplus in trade of goods amounts to 47 % (see column 7). Moreover, water-intensive sectors, such as meat production, iron and steel, and soft drinks sectors, show a deficit in virtual water trade (i.e. virtual water inflows are larger than virtual water outflows). In these sectors, imports of goods are larger than exports, and therefore, the virtual water content in imports is larger than the virtual water content in exports. A similar pattern was observed for almost all sectors, that is to say, sectors that record a deficit in virtual water trade also experience a deficit in the trade of goods (see columns 6 and 7).
Although the results in columns 6 and 7 are highly correlated, the magnitude of the effects between net trade in virtual water (column 6) and the share of net exports (column 7) across individual products may not be similar. In one perspective, the results for office, accounting and computing machinery, and semiconductor devices, tubes and circuit boards are comparable. The share of net exports for these two commodities differs only 1.5 % with the net trade in virtual water of the latter commodity being higher than 64.8 % of the former commodity. The difference in the net trade in virtual water is explained by the difference in water coefficient, of which the latter commodity exceeds 63.3 % of the former. In the other perspective, the net virtual water trade for rubber processing is seven times larger than that of structural metal products, although the share of net exports of both commodities differs only by 0.03 %. The water coefficient for the rubber processing is 62.8 % lower than that of the structural metal products. For these two commodities, the main explanation for the differences in the net virtual water trade is a difference in the import structures in which the rubber processing imports more water-intensive products than the structural metal products.
The forces that determine trade patterns are the sectors with a lower water intensity (m 3 / 1000 Ringgit of output), which have higher export shares than sectors with higher water intensity. One of the explanations regards a variation in value-added intensity, which is defined to be the value added per Ringgit of output.
5 Higher value-added intensity implies that the sectors have a higher economic return for each unit of output produced and vice versa. It can be argued that export activities are essentially dominated by the higher valueadded sectors. Moreover, it is likely that the higher value-added sectors were associated with a lower water intensity. This can be clearly verified as shown in Fig. 1. In Fig. 1 , we tabulate water intensity (m 3 /1000 Ringgit of output) in X-axis and value-added intensity (value added per Ringgit of output) in Y-axis. It can be observed that some sectors show a clear negative correlation between value-added intensity and water intensity. For example, the recycling sector records the highest value added per Ringgit of output (0.83) and also has a relatively lower water intensity (0.27 m 3 /1000 Ringgit of output) compared to water intensity of the rubber gloves (5.42 m 3 /1000 Ringgit of output). Of the total output produced by the recycling sector, 33 % are for exports. Nevertheless, some other sectors do not show a systematic pattern between value-added intensity and water intensity, which implies that other forces than the exports may explain the patterns in water consumption.
These findings are consistent with evidences from other countries, where water-abundant countries are virtually net water importers, while water-scarce countries are net water exporters (Dietzenbacher and Velázquez 2007; Guan and Hubacek 2007; Chapagain and Hoekstra 2008; Ansink 2010) . Based on our analysis, there are two possible explanations for Malaysia. Firstly, Malaysia may have a resource endowment in water, but it may not necessarily have the comparative advantage in the production of water-intensive products. The comparative advantage addresses not only the difference in water endowment, but also the differences in production technology (Reimer 2012; Zhao and Samson 2012; Duchin and LÓ pez-Morales 2012) and factors of production (labour and capital). In Malaysia's case, although water in Malaysia is not completely regulated (for example, sectors can use free water from groundwater sources), production of domestic water-intensive products might not be economically viable after taking into account the limited supply of raw materials and costs of factors of production. For example, about 32 % of total raw materials used for dairy production and soft drink sectors are imported due to a limited supply of domestic raw materials (see Department of Statistics Malaysia 2010). In this situation, Malaysia is better off importing from other countries that have a comparative advantage in producing water-intensive products and therefore would maximise the allocation of inputs.
The second explanation refers to the design of economic policies. A substantial transformation of the economic structure in Malaysia from an agriculture-based economy to an industry-based economy took place in the early 1980s. The expansion of the industrial sector was strongly accompanied by an outward policy orientation, i.e. by export-led growth. For example, the contribution of the manufacturing sector to total exports increased rapidly from 12 % in 1970 to 85 % in 1990 (Zakariah and Ahmad 1999) ; especially in the early 1980s, export growth was largely due to resource-based products, such as petroleum products, processed foods and chemical products. These three groups of products accounted for 77 % of total resource-based exports in 1985. From the late 1990s to recent years, an emphasis on export-led growth policies changed from being resourcebased to non-resource-based products. The share of resource-based exports started to decline, whereas the share of non-resource-based exports (such as electronics, electrical machinery and appliances) began to increase. The major structural shift in the manufacturing sector, and perhaps in the economy as a whole, was the emergence of electric and electronic sub-sectors becoming the leading export sector. These non-resource-based Footnote 5 continued and consumption of intermediate inputs. Therefore, value added essentially reflects the contribution of labour and capital to the production sectors.
industries are essentially not water intensive and associate with a considerably higher value-added generation than agricultural products.
The second view quantifies the contribution of Malaysian trade in industrial products to the distribution of global virtual water by analysing the exports and imports by trade destinations. We expand the analysis by disaggregating the destinations of exports and origins of imports in water-abundant and water-scarce countries. Results for virtual water 1.00 2.00 3.00 4.00 5.00 6.00
Water intensity
Value added intensity Fig. 1 Relationship between water intensity and value-added intensity. Source: computed from the model outflows and inflows by countries are summarised in Table 3 . It can be observed that the Malaysian trade in industrial products involve water flowing mostly to water-abundant countries. For example, trading with the USA contributes towards the largest surplus in virtual water, which records 51.5 mm 3 or 39 % of total surplus. Our data set shows that trade in non-water-intensive products, such as office, accounting and computing machinery, semiconductor devices, and TV, radio receivers and transmitters, explains 68 % of the surplus in virtual water trade with the USA. The surplus (deficit) in the net virtual water trade is influenced by the surplus (deficit) in the volume of trade in goods. For example, a deficit of 2.3 billion Ringgit of trade in goods with Canada explains the deficit of 9.0 mm 3 of virtual water trade.
Overall, the results in Table 3 suggest that there is a limited role of Malaysian trade in industrial products to be a mechanism for redistribution of global water use. The trade in industrial products mainly involves water redistribution among water-abundant countries. There are 43.7 mm 3 of surplus in the total virtual water trade for the water-abundant countries, with the USA recording the highest surplus. The total virtual water trade to the water-scarce countries is deficit at 34.1 mm 3 . Among the water-scarce countries, the results in Table 3 also show that trade with Australia, China and the Netherlands improved the distribution of global virtual water. Specifically, virtual water outflows to these three water-scarce countries were larger than their virtual water inflows into Malaysia. Nevertheless, virtual water inflows into Malaysia from other water-scarce countries, such as Mexico, Saudi Arabia, South Africa and Spain are larger than virtual water outflows to these countries. In particular, the virtual water inflows into Malaysia from Saudi Arabia are recorded at 44.9 mm 3 compared to only 2.4 mm 3 of virtual water outflows from Malaysia into Saudi Arabia. Looking at the individual traded product, we observe that water-intensive products, such as carbonated drinks, explain most of the virtual water inflows from Saudi Arabia and contribute 58 % of surplus in virtual water trade.
Conclusion
The purpose of this study was to examine the extent to which the trade in industrial products (e.g. mining and manufacturing) between Malaysia and other countries affects the distribution of global virtual water. Results from this study show Malaysia to be a net exporter of virtual water in industrial products. The potential role of trade in industrial products as a policy instrument for global water distribution has its limitations. First, exports of industrial products are dominated by low water consumption sectors. As a result, exports of these products do not represent a large amount of virtual water outflows (measured in m3/1000 Ringgit). Secondly, trade in industrial products mainly involves water flows between the water-abundant countries. The current trade structure does not improve global virtual water distribution to countries, such as Mexico, Saudi Arabia, South Africa and Spain. However, evidence suggests that the trade of industrial products with Malaysia benefited some water-scarce countries, such as Australia, China and the Netherlands.
The distribution of global virtual water depends highly on the trade pattern, while the trade pattern itself is subjected to a country's comparative advantage. Although Malaysia has a large endowment of water resources, the costs of water-intensive production may be higher than other countries due to the differences in production technologies and primary factors of production. Nevertheless, technological improvement is possible through innovation. With supportive growth policies and an investment in research and development, new techniques can be developed to reduce costs of production for water-intensive products. Through these efforts, international trade between Malaysia and other countries can help to improve the distribution of global water.
